The release of POMC-derived peptides from the melanotrope cells in the pituitary pars intermedia of Xenopus laevis is regulated by multiple inhibitory and stimulatory neurochemical messengers. In this study we examined the role of acetylcholine (ACh) in regulating melanotrope cell activity. The origin of ACh was studied in in vitro biosynthesis experiments, where it was demonstrated that dissociated melanotropes can synthesize ACh. In addition, immunocytochemical studies showed the presence of the ACh-synthesizing enzyme choline acetyltransferase in the cytoplasm of melanotrope cells. Oscillations in the concentration of intracellular free calcium ions are thought to be the driving force for the secretion of POMC-derived peptides fromxenopus melanotrope cells. A technique was developed to study simultaneously calcium oscillations and peptide secretion from the same population of single melanotrope cells in vitro. ACh concentration-dependently raises the intracellular free calcium concentration by increasing both the frequency and amplitude of the calcium oscillations as well as the release of POMC-derived peptides. The actions of ACh on the melanotrope cell were mimicked by muscarine, but not by nicotine, indicating the exclusive presence of a muscarinic choline@ receptor. Furthermore, selective muscarinic receptor antagonists showed that the actions of ACh are mediated through an Ml-subtype muscarinic receptor. Immunofluorescence cytochemistry in combination with confocal laser scanning microscopy visualized muscarinic receptors on the surface of melanotrope cells. It is concluded that ACh stimulates the release of POMC-derived peptides from the Xenopus melanotrope cell in an autocrine way, acting via a muscarinic M, receptor on the intracellular free calcium concentration. (Endocrinology 137: 4298-4307, 1996) 
concentration-dependently raises the intracellular free calcium concentration by increasing both the frequency and amplitude of the calcium oscillations as well as the release of POMC-derived peptides. The actions of ACh on the melanotrope cell were mimicked by muscarine, but not by nicotine, indicating the exclusive presence of a muscarinic choline@ receptor. Furthermore, selective muscarinic receptor antagonists showed that the actions of ACh are mediated through an Ml-subtype muscarinic receptor. Immunofluorescence cytochemistry in combination with confocal laser scanning microscopy visualized muscarinic receptors on the surface of melanotrope cells. It is concluded that ACh stimulates the release of POMC-derived peptides from the Xenopus melanotrope cell in an autocrine way, acting via a muscarinic M, receptor on the intracellular free calcium concentration. (Endocrinology 137: 4298-4307, 1996) T HE PARS intermedia of the pituitary gland of Xenopus laevis is a suitable object to investigate the action of neurochemical messengers on hormone release. The Xenoptls pars intermedia consists of a relatively homogeneous population of melanotrope cells that produce POMC and secrete POMC-derived peptides, such as aMSH, PMSH, and yMSH, and peptides of the /3-endorphin family (l-4). Another neural cell type identified in the Xenopus pars intermedia is the folliculo-stellate cell (5, 6). The melanotrope cells of X. laevis are predominantly under inhibitory control by a number of hypothalamic factors, including classical neurotransmitters and neuropeptides (3, 7, 8) . Dopamine, y-aminobutyric acid, and neuropeptide Y inhibit aMSH release via synaptic transmission (9), whereas TRH and CRH stimulate (wMSH secretion, probably by diffusing from the pituitary pars nervosa There are indications that acetylcholine (ACh) is an important factor in the control of aMSH secretion. In the amphibians Rana pipiens and Rana ridibunda, in vitro secretion of aMSH is stimulated by ACh (12, 13) , and intermediate lobe cells of the porcine pituitary gland depolarize upon the addition of exogenous cholinergic agonists (14) . Furthermore, the mammalian pituitary is innervated by cholinergic fibers, and pituitary homogenates contain significant amounts of choline acetyltransferase and ACh (15) (16) (17) . In addition, rat corticotropic cells and the anterior pituitary-derived tumor cell line AtT,, synthesize and release ACh (18), and more recently, ACh biosynthesis was shown in the porcine intermediate lobe (19), suggesting the possibility of autocrine regulation of these intermediate lobe cells by ACh. On the basis of these data, we have studied the possibility that ACh is involved in the autocrine control of the secretory activity of Xenopus melanotropes. As no extrinsic cholinergic innervation of the pars intermedia of Xenopus laevis has been shown (9, 20) , the first aim of this study was to assess the capability of melanotrope cells to synthesize ACh. We addressed this question by both in vitro biosynthesis studies and immunocytochemistry for choline acetyltransferase with single melanotrope cells. Then, the possibility was studied that ACh has an effect on the secretion of melanotrope peptides by modulating the intra- (Fig. 1A) . The product that eluted after 10.5 min had the same retention time as [3H]choline. The product with a retention time of 12.5 min was isolated, and the sample was divided into two parts. One part was treated with acetyl cholinesterase.
HPLC analysis showed that the cholinesterase almost completely converted the product into a 3H-labeled substance with a retention time of 10.5 min, which is the same as that of [3H]choline (Fig. 1B) . The other part served as a control and was not exposed to cholinesterase. It eluted with a retention time of 12.5 min (Fig. lC) (Fig. 3, A-C) . Both the frequency and amplitude of the oscillations were elevated (Fig. 3A) . Large differences were observed in the sensitivity to ACh among individual melanotrope cells; some cells did not respond or responded with only a small increase in oscillation frequency, whereas other cells showed a strong stimulation of [Ca'+], oscillation frequency and amplitude. ACh induced calcium oscillations in nonoscillating melanotrope cells (Fig.  3B) . The average relative change in [Ca'+], for 23 cells is shown in Fig. 3C . Although oscillations cannot be seen in the averaged data, the results clearly show that the relative [Ca"], was strongly increased (31 2 4%; P 5 0.01) by the addition of ACh.
Experiments with ACh concentrations ranging from 10e9-lop5 M show that ACh affects [Ca'+], in a concentrationdependent manner. Some cells responded at a concentration as low as 10e9 M (results not shown), whereas more than 90% of the cells responded at lop5 M. Figure 4 shows the results for ACh at 10-7-10-5 M. The results of 34 individual cells from 4 experiments were used to calculate the average [Ca2+],; they show that ACh increased [Ca2'], repeatedly and in a concentration-dependent manner (Fig. 4B) . A small raise (I3 2 3%; P 5 0.005) in the intracellular calcium concentration was found at lop7 M ACh. The maximal increase in 
Effect of ACh on peptide secretion
ACh concentration dependently stimulated the secretion of radiolabeled products from a population of single melanotrope cells (Fig. 4C) . The first effects of ACh on secretion were clear at a concentration of lo-' M. An ACh concentration of lop7 M caused an 18 +-2% increase (P i O.Ol), whereas stronger stimulations were achieved with 10m6 M (34 -C 11%; P 5 0.005) and lOA M (27 2 3%; P 5 0.0113; Fig. 4C ). All stimulations occurred rapidly, and secretion remained high throughout the period of ACh application. There was evidence of a biphasic response in secretion (a peak followed by a plateau level), a pattern often reflected in the average Ca2+ signal. Simultaneous measurements of the average change in relative [Ca2+] , and the secretion of POMC-derived peptides showed similar temporal dynamics for both processes. freshly dissected lobes of either black or white background-adapted animals (P > 0.5). Figure 5A shows the results of treatment with 10~ ' M. This same treatment strongly stimulated the release of both aMSH (34 + 3%; P 5 0.01) and radioactive peptides (36 + 7%; P 5 0.001) from lobes that had been incubated for 3 days (Fig. 5, B (Fig. 6 , A and B) as well as on secretion (Fig. 6C) , whereas the effect on the average [Ca*+], was directly reflected by the change in the release of POMC-derived peptides. Both the frequency and amplitude of the calcium oscillations were apparently stimulated in a concentration-dependent manner (Fig. 6A) . Using a concentration of 10-l" M, less than 5% of the cells showed an increase in the frequency of oscillations. Maximum stimulatory effects were obtained with 10e5 M, to which concentration over 90% of the cells responded by increasing the amplitude and frequency of calcium oscillations. The results using lop8 M (12 + 5%; P 5 0.005) and 10e5 M (34 2 6%; P 5 0.0001) are shown in Fig. 6, A was 10e8 M (8 -C 1; P I 0.05), whereas maximal stimulation of secretion was induced by lop5 M muscarine (47 t 4%; P % 0.01). Nicotine had no effect on either processes (Fig. 7, A and B ; P > 0.5).
The actions of ACh and muscarine on cultured melanotropes were completely abolished by the cholinergic antagonist atropine, which by itself had no effect on [Caztli (Fig. 8A) secretion (Fig. 8B) . The specific M,-subtype muscarinic receptor antagonist pirenzepine completely blocked the effect of muscarine on [Ca2+li (Fig. 9A) as well as the stimulatory action of ACh on secretion (Fig. 9B) . In contrast, the MS-subtype muscarinic receptor antagonist gallamine did not influence ACh-or muscarine-induced effects. When gallamine was added in combination with ACh, the frequency of the calcium oscillations was increased (Fig. 10A) . The average [Ca2+], was increased (24 t 3%; P 5 0.01) by ACh (Fig. lOB) , which was reflected in a stimulation (33 ? 7%; P 5 0.0022) in the secretion of POMCderived peptides (Fig. 1OC) . olMSH release from freshly dissected neurointermediate lobes was not affected by muscarine, even at concentrations as high as 10e4 M (data not shown).
Immunocytochemical demonstration of muscarine receptors
Fluorescence immunocytochemistry of the muscarinic receptor on tissue sections of the X. laevis pituitary showed strong immunoreactivity in the pituitary pars intermedia (Fig. 11A) To identify which cell type contains the muscarinic receptors, immunostaining of a cell suspension from the neurointermediate lobe was studied by confocal laser scanning microscopy. Fluorescence mostly appeared as patches (hot spots) on the cell surface of the melanotropes (Fig. llB) , and occasionally some staining in the melanotrope cytoplasm was observed. Over 80% of the melanotropes showed immunofluorescence on the outside of the cell. No staining was observed when either the primary or the secondary antibody was omitted or when the primary antibodies were replaced by normal mouse serum. NO staining of folliculo-stellate cells was observed. A.U., Arbitrary units.
itary (7, 9, 20 A.U., Arbitrary units.
ACh affects intracellular Ca2+ dynamics in melanotrope cells
We studied the effect of ACh on [Ca2+li to identify a role for ACh in melanotrope cell activity. Previously, it has been shown that Xenoptls melanotropes display intracellular Ca*+ oscillations (22, 33, 34 Confocal laser scanning microscopy of single cells revealed that the receptors are situated in a patch-like manner on the surface of the majority (>80%) of the melanotropes.
This might reflect the presence of clusters of receptors ("hot spots") in the plasma membrane, a phenomenon also observed for other receptors (40). The presence of fluorescent material in the cytoplasm of some cells might be due to recycling and/or de IW~O synthesis of ACh receptors. Immunoreactivity in the corticotropic region of the pars distalis of Xenoptls laevis suggests that corticotrope cells of Xenopus also possess cholinergic muscarinic receptors. This conclusion is in agreement with the situation in mammals, where ACh has been shown to regulate the secretion of corticotropes through activation of muscarinic receptors (41).
Recent studies using confocal laser scanning microscopy have shown that the oscillations are initiated by an influx of Ca*+ through an N-type voltage-operated calcium channel and then propagated through the cytosol as a wave involving mobilization of Cazt from intracellular stores (42). The fact that muscarinic receptor activation increases the frequency of Ca*' oscillations leads us to believe that ACh through its receptor acts in part on the initiator of the oscillation (i.e. the N-type Ca*+ channel). The Ml-subtype muscarinic receptors are known to activate the phospholipase C system, resulting in the release of inositol trisphosphate and subsequent mobilization of Ca" from intracellular stores (for review, see Ref. 43) . Possibly, the increased amplitude of the Ca2+ oscillations as they are propagated through the cytoplasm reflects increased mobilization of [Ca2+], by inositol trisphosphate.
Conclusion:
ACh autoexcites melanotrope cells
This study shows that 1) the peptidergic melanotrope cells of Xerzoptls are able to synthesize the classical neurotransmitter ACh; 2) these cells possess M, muscarinic cholinergic receptors; 3) ACh controls [Ca2.'li in melanotrope cells; and 4) the increase in [Ca2+li is associated with an increase in the secretion of POMC-derived peptides (Fig. 12) . On the basis of these data, we conclude that Xerzoptls melanotropes synthesize and release ACh, which increases the secretion of POMC-derived peptides, including aMSH, from this same cell type. In this way ACh might work in an autocrine/ paracrine manner. Possibly through a paracrine mechanism, single melanotrope cells can initiate a chain reaction of activation that spreads throughout the entire population of melanotrope cells. Further investigations are necessary to reveal the way in which ACh release from the meianotrope cell is regulated.
